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ABSTRACT
Natural recovery of environmental pollution – natural attenuation, – is a long-term process. Development of 
a bioremediation technology for polluted soil is a multi-step process, which requires the integrated application of 
several methods: stimulation of the indigenous microflora in the contaminated site, and addition of microorganism-
destructors to the soil. Recently at the final stages of soil remediation the method of phytoremediation is actively 
used. To estimate the efficiency of bioremediation of pesticides contaminated soil, using stimulation of anaerobic 
or facultative anaerobic microflora and phytoremediation applied afterwards. The soil was collected nearby the 
former destroyed storehouse of POPs. Pesticide residues in soil were evaluated using GC/MS multiresidue method, 
and the complex pollution of DDTs and trifluralin was found. With a view to remediate this complex contamination, 
the polluted soil was treated in combined aerobic and anaerobic conditions during 3.5 months, then the method of 
phytoremediation was used. The trifluralin content was reduced to 4-6% of the initial amount in all experimental 
variants as a result of bioremediation in anaerobic/aerobic conditions. Phytoremediation had not significant 
effect on trifluralin decomposition – only 2-3%. Before phytoremediation DDT was decomposed on 27.5-29.0%. 
After the phytoremediation, the degradation of pesticide amounted 56.3-72.5%. This study has shown, that in the 
case of complex pollution, phytoremediation, as a method of supplementary remediation, was important for the 
decomposition of DDT and DDE, and it was not essential for the mineralization of DDD and trifluralin.
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INTRODUCTION
Organochlorine pesticides have been used 
extensively all over the world for public health and 
agricultural purpose. Currently, their use is being 
phased out because of their toxicity, environmental 
persistence and accumulation in the food chain. 
Pesticides are usually applied simultaneously or 
one after another for crop protection, and this type 
of pesticide application often leads to combined 
contamination of these compound residues in the soil environment (Fuentes et al., 2010, 2013).
Natural recovery of environmental pollution 
– natural attenuation, – is a long-term process. 
The degree of pesticide stability under natural 
conditions depends on many factors: the climate, 
type, soil pH, moisture and humus content, 
mechanical components, microflora, etc. The 
type and duration of the decomposition also are 
due to the chemical structure and stability of the 
pesticide (Phillips et al., 2004, 2005).Remediation of contaminated sites can be 
achieved through physical (e.g. disposal in landfill, 
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incineration), chemical (use of chemical oxidants) 
and biological processes. Biological treatment, 
commonly referred to as bioremediation, involves 
the breakdown of contaminants into non-toxic 
forms through the activities of microorganisms. Biostimulation of indigenous microbes through 
the addition of nutrients, coupled with frequent 
tilling has gained wide acceptance in biological 
cleanup of contaminated land. Biostimulation is 
sometimes combined with phytoremediation – the 
use of plants and their associated microorganisms for the in situ treatment of contaminated soil and 
sediment (Alkorta and Garbisu, 2001; Reichenauer 
and Germida, 2008). Recently, phytoremediation is 
actively used at the final stages of soil remediation 
(Pilon-Smits, 2005). Phytoremediation has the 
advantage of promoting ecological rehabilitation 
of contaminated land (Ayotamuno, 2009).
The Republic of Moldova has never produce 
pesticides, but the country still has frequent 
pollution accidents in the small spaces of the 
natural environment (water, soil). Despite the 
restrictions, considerably reducing the volume 
of pesticide in use, the problem related to 
environmental pollution in Republic of Moldova, 
including accidental pollution, remains acute. 
Currently over a thousand locations in the country 
– the former territories of pesticide deposits, 
reached the deplorable state – is a continuing 
source of pollution and threat to the environment 
and to human health in adjacent areas.The management of domestic and hazardous 
wastes is considered as one of the most urgent 
environmental problems in Moldova. In Moldova, 
approximately 3,000 tons of obsolete pesticides 
were stored in various former collective agricultural 
warehouses or disposed in uncontrolled dumps 
(National Implementation Plan, 2004). The 
spatial analysis showed a strong pollution impact 
to surrounding agricultural territory near old 
pesticide storage (Bogdevich and Cadocinicov, 
2007, 2009). Huge areas of contaminated soil 
around old storehouses represent a continuous 
danger for the environment and public health 
(The eliminators in Moldova, 2011). However, the information about the actual condition of soil after 
the repacking on former storages is not sufficient 
at present. This investigation is important also for the assessment of the remediation technologies that can be used for the soil detoxification in future.
Our goal was to estimate the efficiency of 
bioremediation of pesticides contaminated soil, using stimulation of anaerobic or facultative 
anaerobic microflora and further applying of 
phytoremediation.
MATERIAL AND METHODS
Destroyed storehouse for pesticides and 
organic fertilizers located near Sangera village, 
Chisinau municipality, the Republic of Moldova, has been selected using Management of Persistent Organic Pollutants (http://pops.mediu.gov.md/). 
Soil samples were collected at the site, were 
cleaned of roots and other impurities, sieved (mesh 
No. 2) and air-dried at 22-230C. Soil chemical 
and physical properties were determined using 
standard methods (Arinushkina, 1970; Kozlova, 
2009).
The extraction of pesticide residues from soil 
has been performed in four repetitions per option 
according (Klisenko and Alexandrova, 1983). The 
determination of pesticide residues (PR) in soil 
was confirmed by gas chromatography with mass 
spectrometry GC/MS multiresidue method, at the 
gas chromatograph “Agilent Technologies” 6890N 
coupled with MSD mass selective detector “Agilent 
Technologies” 5973. Percentage of degradation 
was calculated according to Bento (Bento F. et al., 
2003) using the expression: % of degradation = 
[(PR control – PR experience) / PR control] ´ 100; 
where PR is pesticide residue.
The bioremediation was established in the 
dark plastic jars, each containing 1,000 g of 
contaminated soil. The experiment was carried 
out in two main directions: strictly anaerobic conditions (Section 1) and alternating of anoxic 
/ oxic conditions (Section 2). Contaminated soil 
without remediation was used as a control.
Section 1: creating of strictly anaerobic 
conditions by saturating the polluted soil with 
water up to 80% of water holding capacity (WHC), 
in the plastic jars sealed with Parafilm, in the dark 
and at temperature 22-240C. The soil was amended 
with mono- and disodium phosphate (0.5%) and 
peptone (1.0%) at the set up of the experiment (Variant 1).
Section 2: cycled anoxic and oxic conditions. 
Anaerobic conditions were created by saturating 
the contaminated soil with water (80% of WHC) 
in the plastic jars sealed with Parafilm, and stored 
in the dark at 22-24°C. At the beginning of the 
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aerobic phase Parafilm has been removed, the 
soil mixed with a metal spatula and soil moisture 
was gradually brought up to 60% of WHC. At the 
start of each anaerobic phase mineral and organic 
(peptone) amendments were added to the soil, 
soil humidity was maintained at 80% of WHC. At 
the set up of the experiment the soil was amended 
with phosphates and peptone as indicated in Table 
1.
At the beginning of each anaerobic phase the 
soil was amended with peptone and phosphates 
(0.2% each). For 2 variants (Variant 4 and 6) 
anaerobic phase lasted for 21 days, aerobic phase 
– for 14 days. At the beginning of each anaerobic 
phase the soil was amended with peptone and 
phosphates (0.2% each). At the beginning of each 
aerobic phase the soil was amended with glucose 
(0.5%).
The duration of anoxic (anoxic / oxic) phase 
was 105 days, and then the experiment was 
passing to the oxic phase followed by stimulation 
of microorganisms by applying sawdust, 
phytoremediation with oat Avena sativa L. (Va-
riant 1, 2, 5, and 6) or alfalfa Medicago sativa L. (Variant 3 and 4), for 55 days. Monthly plants 
were cut, mixed with the soil and new seeds were 
planted.
RESULTS AND DISCUSSION
Considering physical and chemical 
properties of the collected soil, the soil type was 
classified as carbonated chernozem. Analytical 
data indicated, that the studied site was long-
term and complex polluted by pesticides (Tab. 
2). The major component of contamination was 
dinitroaniline herbicide trifluralin and the minor 
component was organochlorine insecticide DDT 
and its metabolites DDE and DDD (DDTs); the 
total content of pesticides was 21.5 mg/kg dry 
soil.
According to our previous studies, the soil 
moisture maintained at 60% of WHC for 135 days 
without further treatment – tilling, fertilization, 
any amendments, leads to degradation of 
slightly more than 7% trifluralin and 5% DDTs (Rastimesina et al., 2014). Creating anaerobic 
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Tab. 2 The level of soil contamination with pesticides (storehouse near Sangera) before the 
bioremediation, mg/kg dry soil
Trifluralin ∑ DDTs p,p’-DDT
DDD DDE
o,p’-DDD p,p’-DDD o,p’-DDE p,p’-DDE
19.67 ± 0.31 1.82 0.37± 0.010
0.28 ± 0.006 0.51 ± 0.008 0.24 ± 0.012 0.42 ± 0.007
0.79± 0.014 0.66± 0.019
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conditions by saturation of soil with water up to 
80% of WHC allowed increasing the degradation 
of trifluralin to 25% and DDTs – up to 28% of the initial concentration (Rastimesina et al., 2014). The 
improving in efficiency of pesticides degradation in soil can be achieved using mineral and organic 
amendments in modeling anoxic and anoxic / oxic 
conditions.
After 3.5 months of the setting of bioremediation 
experiment, soil analysis was performed. The 
data of analysis were used to estimate the 
contribution of soil treatment in anaerobic and alternating anaerobic-aerobic conditions and the 
role of subsequent phytoremediation in pesticides 
degradation.
In all experimental variants, DDTs degradation 
in soil was at the same level and amounted 58.6-
64.9%, regardless of the method of soil treating, 
amendments and their concentration (Fig. 1) The 
data obtained after phytoremediation shown a decrease in DDTs concentration at the variants 
amended with sodium phosphates to 69.4-69.7%, 
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Fig. 2. Pesticide DDT pesidue in soil before and after the phytoremediation
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Fig. 1. Residue of DDTs metabolites in soil before and after the phytoremediation
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on 5.5-8.6%, while at the variants amended with 
potassium and ammonium phosphates to 72.5-
75.4%, the contribution of phytoremediation was 
10.5-14.6 %.
Amount of DDT, decomposed before the 
phytoremediation was not significant, the 
degradation was less than one third of the 
initial concentration – 27.5-29.0%. After 
phytoremediation, pesticide degradation ranged 
from 56.3% in variant 1 from anoxic Section to 
72.5% in variant 6 from anoxic / oxic Section 
(Fig. 2).
On the first stage of experiment it was 
degraded 78.0-78.8% of DDD. Analysis showed 
complete disappearance of the o,p-DDD isomer 
and significant decrease in the concentration 
of p,p-DDD isomer. Phytoremediation did 
not influence the further degradation of this 
metabolite; degradation in the final stage was 
78.1-79.5%. Perhaps, during the experiment, there 
-94.6%-94.1%-96.2%-95.1%-95.2%-95.9%
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Fig. 3. Metabolite DDE pesidue in soil before and after the phytoremediation
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was a gradual accumulation and decomposition of 
DDD, the product of the anaerobic decomposition 
of DDT.
Regarding DDE degradation, the most 
favorable conditions were created in variant 4, 
where anoxic conditions were alternated with 
oxic ones, amended with glucose at the beginning 
of each aerobic phase. 
Before the phytoremediation, in variants 2, 3, 
and 5 was degraded more than half of the initial 
amount of the metabolite DDE; in variants 1, 6, 
and 4 DDE degradation amounted 61.6-67.3%. 
After phytoremediation the degradation of this 
metabolite reached 74.8% (variant 4); the most 
significant contribution of phytoremediation – 
16.8-20.3%, – could be noticed in variants 3 and 5, 
without glucose amendment (Fig. 3).
Analysis of soil samples showed that almost 
complete mineralization of trifluralin in all the 
variants was obtained (Fig. 4). The degradation of 
the herbicide was 94.1-96.2%. Further degradation 
of trifluralin as a result of phytoremediation 
was insignificant – 1.8-3.2%. The most complete 
mineralization of trifluralin, 98.5%, took place in 
the variant 4.
CONCLUSION
Thus, we can conclude, that DDTs degradation 
process has been established in all experimental 
variants. The metabolite DDD, from all of the DDT 
metabolites, has degraded mostly; the analyzes 
showed complete disappearance, p-DDD isomer 
and a significant reduction in the concentration of 
p, p-isomer DDD. 
In the case of integrated, complex pollution, 
phytoremediation, as an additional way of 
remediation, was important for the elimination 
of DDT and DDE, but it was not essential for the 
mineralization of DDD and trifluralin.
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